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Abstract

Introduction—Smokers are often told to use nicotine lozenge when craving or withdrawal 

symptoms occur. This may be too late to prevent lapses. This study assessed if nicotine lozenge 

use prior to a common smoking trigger can minimize trigger induced increases in craving and 

withdrawal symptoms.

Methods—Eighty-four smokers completed two laboratory sessions in random order. At one 

session, nicotine lozenge was given immediately after a stressor (to approximate current 

recommended use – i.e., after craving and withdrawal symptoms occur); at the other session 

subjects were randomized to receive nicotine lozenge at time points ranging from immediately to 

30 minutes prior to the stressor. Withdrawal symptoms and urge to smoke were measured using 

the Minnesota Nicotine Withdrawal Scale and the Questionnaire of Smoking Urges (QSU).

Results—Relative to receiving lozenge after the stressor, a smaller increase in pre-stressor to 

post-stressor withdrawal symptom scores occurred when lozenge was used immediately prior 

(p=0.03) and 10 minutes prior (p=0.044) to the stressor. Results were similar for factors 1 and 2 of 
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the QSU when lozenge was used immediately prior to the stressor (p<0.03) and for factor 1 of the 

QSU when lozenge was used 10 minutes prior to the stressor (p=0.028). Absolute levels of 

withdrawal symptoms and urge to smoke severity were also lower when lozenge was given prior 

versus after a stressor.

Conclusions—Administering the nicotine lozenge prior to a smoking trigger can decrease 

trigger induced craving and withdrawal symptoms. Future studies are needed to determine if such 

use would increase cessation rates.
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1. Introduction

The morbidity and mortality associated with smoking is well characterized, resulting in 

approximately 480,000 deaths annually in the United States (USDHHS 2014). New 

treatments for tobacco dependence are rarely introduced, with only two non-nicotine 

pharmacological aids currently available. The low success rates and the infrequent 

introduction of new therapies necessitate that the efficacy of currently available therapies be 

maximized.

Use of a single nicotine replacement therapy (NRT) typically doubles cessation rates relative 

to placebo with additional benefit observed when combination NRT (i.e., combining two 

dosage forms) is used (Fiore et al. 2008). In combination therapy, nicotine gum or lozenge is 

typically used as needed in combination with scheduled use of the nicotine patch (Fiore et 

al. 2008; Puska 1995; Steinberg et al. 2009). As monotherapy, nicotine gum or lozenges are 

frequently used on an as needed basis following an initial period of scheduled use (Fiore et 

al. 2008; Kozlowski et al. 2007; McNeill et al. 2001; USPHS 2000). Therefore, current 

counseling methods frequently advise smokers to use these products when they need them 

(i.e., when symptoms of craving or tobacco withdrawal are present); (Fant et al. 1999; 

Kozlowski et al. 2007; Sweeney et al. 2001). Although one study found that half of smokers 

who lapse after an acute craving episode do so within 11 minutes of the onset of craving 

(Ferguson and Shiffman 2009; Shiffman et al. 1996), substantial concentrations of nicotine 

are not attained until approximately 10 to 15 minutes after starting use of these products 

(Benowitz et al. 1988; Kotlyar et al. 2007). These data suggest that waiting to use nicotine 

lozenge or gum until craving or withdrawal symptoms are present may not result in nicotine 

delivery quickly enough to avert a smoking lapse.

The purpose of this study was to provide initial information assessing if using nicotine 

lozenge prior to exposure to a smoking trigger results in smaller trigger induced increases in 

withdrawal symptoms and urge to smoke than using this product after these symptoms have 

already occurred (i.e., after smoking trigger exposure). Exposure to a stressful task was 

chosen as the smoking trigger for this study since similar tasks when presented in a 

laboratory setting have been shown to decrease the ability to resist smoking, increase craving 

and withdrawal symptom severity, and increase smoking topography measures (e.g., puff 

volume) (Kotlyar et al. 2011; McKee et al. 2011; Pomerleau and Pomerleau 1987). In a 
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naturalistic setting, smokers attempting to quit frequently report that stressful events lead to 

smoking relapse (Cummings et al. 1985). Therefore stress is likely to be an important trigger 

in smoking lapses. Our hypothesis was that exposure to a smoking trigger (i.e., a stress task) 

would result in larger increases in withdrawal symptoms and urge to smoke when nicotine 

lozenge is used immediately after the stressor than if lozenge was used prior to stress 

exposure.

2. Methods

2.1 Design

In this randomized, cross-over study subjects participated in two laboratory sessions at 

which withdrawal symptoms and urge to smoke were assessed prior to and following 

exposure to a common smoking trigger (i.e., a stressful situation). Each subject participated 

in one session at which a 4 mg nicotine lozenge (mint flavor) was given immediately after 

the stressor (Figure 1: Condition A) in order to approximate current recommended use of 

lozenge when used on an as needed basis – i.e., after craving and withdrawal symptoms 

begin. This served as the control condition. Each subject participated in another session at 

which they were randomized to one of four experimental groups: receive a 4 mg nicotine 

lozenge either immediately prior (condition B), 10 minutes prior (condition C), 20 minutes 

prior (condition D), or 30 minutes prior to the stressor (condition E) (Figure 1). The time-

frames of administration span the range from when the impending trigger is presumably 

more predictable but nicotine concentrations during the trigger would be relatively low (i.e. 

Condition B) to when predicting the trigger would be more difficult but nicotine 

concentrations during the trigger would be highest (i.e., Condition E).

The two laboratory sessions were separated by at least 3 days and the order of laboratory 

sessions (i.e., control vs. experimental) was assigned randomly. In a two-step randomization 

process, subjects were first randomized to experimental condition (i.e., conditions B – E) 

and then to the order in which they receive their assigned experimental condition or the 

control condition (i.e., condition A). The nicotine lozenge was selected among the four non-

patch dosage forms since it is available without a prescription (and therefore more 

commonly used) and is well tolerated.

2.2 Subjects

Volunteers were recruited through flyers and newspaper advertisements. Initial eligibility 

was assessed via a phone interview and confirmed at a screening visit at which written 

informed consent was obtained. This study was approved by the University of Minnesota 

Institutional Review Board. Study visits occurred at the University of Minnesota between 

December 2011 and January 2014.

Eligible participants were between the ages of 18 and 65, smoked at least 8 cigarettes daily 

and identified stress as a smoking trigger. Individuals were excluded who reported a current 

unstable medical or psychiatric condition (for example, necessitating medication changes 

within the past 3 months), substance abuse (other than nicotine) within six months of the 

study, use of medication that could interfere with study outcomes (e.g., psychoactive 
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medications), use of smoking cessation medications in the past month, a history of severe 

motion sickness (due to the virtual reality (VR) technology utilized to present the stressor), 

and women who were pregnant or breastfeeding. Medical history was based on subject self-

report. A urine pregnancy test confirmed that women were not pregnant at enrollment.

Smokers not identifying stress as a smoking trigger would be unlikely to react to the stressor 

thereby precluding any possible medication effect. We asked smokers to list 3 smoking 

triggers relevant to them and only enrolled those who listed stress (or a specific stressful 

situation) as a trigger.

As the stress task was presented in a VR environment, subjects were immersed in the 

environment at the screening visit to allow for adaptation so that responses seen at 

subsequent visits were due to the stressor rather than the novelty of the environment.

2.3 Laboratory sessions

Subjects abstained from smoking overnight prior to each morning laboratory session 

(confirmed via an exhaled carbon monoxide of ≤ 8 ppm). Upon arrival, subjects relaxed in a 

quiet room for 90 minutes after which questionnaires assessing nicotine withdrawal and urge 

to smoke were completed. Those randomly assigned to Condition E for that laboratory 

session then used one nicotine lozenge. All subjects again completed questionnaires at 20 

minutes, 10 minutes, and immediately prior to the stressor. Those assigned to Condition D 

received a lozenge after completing the 20 minute pre-stressor questionnaires, those 

assigned to Condition C after completing the 10 minute pre-stressor questionnaires and 

those assigned to Condition B after completing the pre-stressor questionnaires. All subjects 

were therefore exposed to the stressor 2 hours after beginning the session (Figure 1). To 

confirm that the speech task was sufficiently stressful to induce a physiological response, 

blood pressure and heart rate were measured at 1 to 3 minute intervals starting after the 

initial 90 minute relaxation period and continuing through the remainder of the laboratory 

session.

The stressor was presented via an immersive VR environment (software and hardware from 

Virtually Better, Decatur, Georgia) previously demonstrated to induce a physiological stress 

response (Kotlyar et al. 2008). The VR visor was placed after the last set of pre-stress 

questionnaires was completed. Subjects were then presented with a somewhat stressful 

standardized scenario and asked to spend three minutes preparing and three-minutes 

delivering a speech addressing how they would handle the scenario. Speeches were prepared 

while in a waiting room within the VR environment and delivered while seated with a virtual 

audience around a conference table. The speech task was based on the Trier Social Stress 

Test (al’Absi et al. 2003; Back et al. 2008; Kirschbaum et al. 1993). After the stress task, the 

visor was removed and questionnaires were completed every 15 minutes over the next hour. 

Those assigned to condition A (i.e., the control condition) used the nicotine lozenge 

immediately after completing the initial post-stressor questionnaires.

2.4 Outcome Measures

The Minnesota Nicotine Withdrawal Scale (MNWS) was used to measure withdrawal 

symptom severity with scores calculated by adding the 7 withdrawal symptom related items 
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(Hughes and Hatsukami 1998; Hughes 1992; Hughes and Hatsukami 1986). To assess 

craving, the brief ten item version of the Questionnaire of Smoking Urges (QSU) was used 

(Cox et al. 2001). A score for each of two factors was calculated with factor 1 reflecting an 

intention and desire to smoke and factor 2 reflecting anticipation of relief from negative 

affect (Toll et al. 2006).

2.5 Statistical analysis

Baseline demographics were summarized using mean and standard deviation for continuous 

variables and frequency and percent for categorical items. Comparisons among groups were 

performed using one-way ANOVA and chi-square tests for the continuous and categorical 

demographic variables, respectively. The study’s primary outcome was pre- to post-stress 

change in MNWS withdrawal scores (calculated as the post-stressor score minus the pre-

stressor score). Secondary outcomes were pre- to post- stress change in QSU factor 1 and 2 

scores and post-stress symptom severity of withdrawal symptom, QSU factor 1 and QSU 

factor 2 scores calculated as post-stressor score minus baseline (i.e., −30 minutes) score to 

adjust for baseline. Each outcome was analyzed according to the cross-over design using a 

mixed model approach that included fixed effects for experimental vs. control condition 

(treatment or control) and first or second lab session (order of treatment) plus a random 

effect due to each subject receiving both an experimental and control condition within a pre-

assigned sequence. The model-based results for the difference between controls and 

experimental conditions are reported as least squared (LS) means and 95% confidence 

intervals. P-values were considered significant at the 0.05 level. Effect sizes (LS mean/

standard error) were calculated for withdrawal scores. The analysis was run separately for 

each of the four experimental conditions and again with the experimental condition added as 

another fixed covariate to compare the four experimental conditions. An adjusted alpha level 

of <0.01 was considered significant for the comparisons among the four conditions. Nicotine 

dependence severity, as assessed at the screening visit using the Fagerstrom Test for Nicotine 

Dependence (FTND) score (Heatherton et al. 1991,) was considered as a potential covariate 

in this last model for each outcome but was not found to be significant (all p-values>0.05) 

and was not included in the final analysis. There were no systematic order effects among the 

outcomes of interest. The order of lab sessions was only significant for one measure in one 

experimental condition (i.e., withdrawal symptom scores for experimental group D). 

Therefore, the mean values in the text and figures combined the data from the two subgroups 

with the same experimental condition. Physiological response to the stressor was assessed 

by subtracting the average of the measurements observed during the 30 minute relaxation 

period immediately preceding the speech task from the average of the measures obtained 

during the stress task. This change was evaluated using a two-sided, one sample t-test after 

averaging the results from the two lab sessions. Statistical analysis was performed using 

SAS 9.3 (SAS Institute Inc., Cary NC).

3. Results

Ninety-eight subjects completed the first laboratory session and 84 completed both sessions 

(figure 2). No significant differences in baseline demographic characteristics were found 

among groups (all p-values>0.1) (Table 1). Systolic blood pressure (BP) and heart rate (HR) 
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measurements were available for both laboratory sessions for 74 subjects and diastolic BP 

for 73 subjects. The mean (SD) increase from the relaxation period to the period during 

speech delivery was 11.0 (8.0) mmHg for systolic BP, 7.6 (5.7) mmHg for diastolic BP and 

11.1 (7.3) beats per minute for HR (all p-values <0.001). These increases are similar to those 

reported in other studies using a speech stressor in smokers (Kotlyar et al. 2006; Wardle et 

al. 2011) suggesting that this task presented within the virtual environment was effective at 

inducing a stressful state.

3.1 Effect of nicotine lozenge timing on stress induced changes in withdrawal symptom 
and craving intensity

Among subjects who completed both laboratory sessions, magnitude of change from 

immediately pre-stressor to post-stressor (i.e., from time −0 to time +0 in Figure 3) in 

withdrawal symptom scores was smaller in Condition B (p=0.03; effect size=2.35) and 

Condition C (p=0.044; effect size=2.15) than in Condition A (i.e., the control condition). No 

significant difference from the control condition was seen in Condition D (effect size=0.30) 

or Condition E (effect size=0.16) (Figure 3). For factor 1 of the QSU, magnitude of change 

from pre-stress to post-stress was smaller in Conditions B and C than in Condition A (p 

values < 0.03) with no significant differences between Conditions D or E and Condition A 

(Table 2). For factor 2 of the QSU, a smaller increase was only seen in Condition B than in 

the control condition (p=0.025) (table 2).

Comparing among the experimental conditions, a smaller stressor response in factor 1 of the 

QSU was observed in Condition B than in either Condition D or E (both p<0.01) and in 

Condition C compared to Condition E (p<0.01) (Table 2). No other significant differences 

among experimental groups were seen at the p<0.01 significance level.

3.2 Effect of nicotine lozenge timing on withdrawal symptom and craving severity 
experienced immediately after a stressor

Among subjects who completed both laboratory sessions, post-stressor severity in 

withdrawal symptom scores was lower in Condition C, (p=0.007; effect size 3.04), 

Condition D (p=0.028; effect size 2.37) and Condition E (p=0.018; effect size=2.63) 

compared to Condition A (i.e., the control condition) (Figure 3). No significant difference 

was found between Condition B and Condition A (effect size=1.64) (Figure 3). For both 

factor 1 and factor 2 of the QSU, symptom severity was lower in each of the experimental 

conditions than in the control condition (all p values <0.01 for QSU factor 1; all p values 

<0.04 for QSU factor 2) (Table 2).

Comparing the experimental conditions, post-stress symptom severity in the factor 1 score of 

the QSU was lower in Condition D than in Condition B (p<0.01). No other significant 

differences among experimental groups were seen at the p<0.01 significance level.

4. Discussion

This study demonstrated that the timing of nicotine lozenge administration, relative to the 

occurrence of a smoking trigger, has substantial effects on the extent to which withdrawal 

symptoms and craving are experienced. Specifically, significant differences were seen in 
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both overall symptom severity and in the increase in symptom severity occurring in response 

to a smoking trigger based on the timing of nicotine lozenge administration. These results 

suggest that timing of nicotine lozenge use can be optimized to reduce the intensity of 

withdrawal symptom and craving severity observed after exposure to a smoking trigger and 

to reduce the extent to which craving and withdrawal symptom severity increase in response 

to a smoking trigger.

Previous studies assessing medicinal nicotine effects on trigger induced symptoms have 

primarily examined either the nicotine patch or nicotine gum given after (rather than before) 

exposure to a smoking trigger. The studies with nicotine patches suggest that although it is 

effective at reducing the background (i.e., baseline) level of craving, it has limited effect in 

blunting the increase in cravings that occurs when smokers are presented with smoking 

triggers (Havermans et al. 2003; Morissette et al. 2005; Rohsenow et al. 2007; Tiffany et al. 

2000; Waters et al. 2004). Studies of more rapid acting nicotine dosage forms have also 

assessed the use of these products after cue exposure. Such studies have found that more 

rapid nicotine release formulations (i.e., rapid-release gum, film) result in more rapid 

declines in craving than standard formulations and that active nicotine gum results in more 

rapid craving declines than placebo gum (Du et al. 2014; Niaura et al. 2005; Shiffman et al. 

2003). However, these studies do not address whether craving can be prevented by taking 

products prior to smoking trigger exposure.

Our findings that using nicotine lozenge prior to a stressor reduces overall levels of 

withdrawal and craving severity is consistent with multiple studies finding that medicinal 

nicotine use reduces withdrawal and craving symptom intensity (West and Shiffman 2001). 

Lower post-stress levels of craving severity observed when taking the lozenge further in 

advance of the stressor (i.e., 20 minutes vs. immediately prior to) is consistent with the 

pharmacokinetics of nicotine lozenge since nicotine concentrations increase for 

approximately 30 minutes after starting use (Benowitz et al. 1988; Kotlyar et al. 2007). 

Interestingly, the effect on stress response was observed when smokers took the lozenge 

either immediately prior to or 10 minutes prior to the stressor while no effect was seen when 

the lozenge was taken further in advance of the stressor. This is consistent with a study in 

which the use of nicotine lozenge 30 minutes prior to cue exposure did not affect cue 

induced craving increases (Schlagintweit et al. 2014). The reasons for this result are not 

clear. The average time from when subjects took the lozenge (in Condition B) to when they 

began completing the post-stressor questionnaire was approximately 9 minutes which is 

when the most rapid increases in nicotine concentrations would be expected (Benowitz et al. 

1988; Kotlyar et al. 2007). Rapidly increasing nicotine concentrations may therefore be 

necessary for smaller stress induced craving and withdrawal symptom scores to occur. It is 

also possible that taking the nicotine lozenge in close proximity to the stressor provided 

smokers with a coping mechanism to be able to better respond to the stressor, consistent 

with literature demonstrating that the expectation of receiving nicotine decreases craving 

severity (Schlagintweit et al. 2014). The lack of a placebo condition in this initial study 

precludes the ability to determine the mechanism (i.e., pharmacologic vs behavioral) by 

which stress induced craving and withdrawal symptom increases were attenuated.
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Regardless of the mechanism, the data suggest that providing a lozenge prior to but in 

relatively close temporal proximity to a stressor decreases the extent to which craving and 

withdrawal symptoms increase as a result of stress exposure. Since smoking triggers likely 

become increasingly predictable as their occurrence becomes more imminent, these results 

suggest that many smokers may be able to use nicotine lozenges in a manner that would 

decrease craving and withdrawal symptom response to stressors. Future studies addressing 

the mechanism by which this occurs will allow for the identification of additional 

interventions (either behavioral or pharmacologic) to further decrease trigger induced 

craving and withdrawal symptoms.

Additional limitations of the current study are that the stress induced increases in symptom 

severity were relatively small, that this study only tested one smoking trigger, and that it is 

not known if an attenuation of craving and withdrawal symptoms in a laboratory setting 

would lead to increased smoking cessation rates in a naturalistic setting. The small increases 

in symptom severity may have been due to a ceiling effect observed in these symptoms since 

subjects were asked to abstain from smoking overnight prior to each laboratory session. For 

example, the pre-stress QSU factor 1 score in the control condition (i.e., Condition A) was 

approximately 30 out of a maximum score of 35. It is not clear how the magnitude of these 

increases compare to the magnitude of stress induced increases that would occur during a 

smoking cessation attempt. Although baseline (i.e., pre-stress) craving and withdrawal 

symptom severity in the initial days of a cessation attempt are likely to be high (similar to 

what occurred in this study), baseline symptom severity would likely decrease over time. 

Further research is needed to determine if the effects of nicotine lozenge on stress induced 

craving and withdrawal symptom severity differ depending on how long the smoker has 

been abstinent It is noteworthy that despite the relatively small stress induced changes in 

craving that occurred in the control condition, changes were significantly smaller when 

subjects took the nicotine lozenge in close proximity prior to the stressor. These data suggest 

that advising smokers to use nicotine lozenge prior to anticipated smoking trigger exposure 

may have benefits in decreasing craving and withdrawal symptom severity. Further research 

is needed to determine if such an approach is applicable across multiple smoking triggers 

and most importantly if it would result in increased smoking cessation success. This is 

particularly true as there is debate regarding the relative importance of cue induced changes 

in craving as opposed to absolute levels of craving on predicting successful cessation 

(Ferguson and Shiffman 2009; Perkins 2012; Sayette and Tiffany 2013). The results of this 

study are promising in that both absolute levels of craving and cue induced cravings were 

decreased by altering the timing of nicotine lozenge administration.

In summary, this study found that using nicotine lozenge prior to (rather than after) exposure 

to a stressor resulted in smaller stress induced increases in withdrawal symptom and urge to 

smoke severity as well as lower overall post-stressor severity of these symptoms. These data 

suggest that it may be possible to increase the efficacy of rapid acting forms of medicinal 

nicotine (such as the nicotine lozenge or nicotine gum) by altering the instructions provided 

to smokers about how to most effectively use these products. However, a clinical study is 

needed to determine if this is indeed the case.
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Highlights

• Nicotine lozenge is often recommended to be used on an as needed basis 

which for many smokers means when symptoms of craving and withdrawal 

are present

• Using nicotine lozenge after craving and withdrawal symptoms occur may be 

too late to prevent relapse

• Using nicotine lozenge prior to (rather than after) exposure to a smoking 

trigger resulted in smaller trigger induced increases in withdrawal symptom 

and urge to smoke severity as well as lower overall post-stressor severity of 

these symptoms
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Figure 1. 
Outline of each laboratory assessment with subjects assigned to condition A at one 

laboratory session and one of the other conditions at the other laboratory session. The order 

of laboratory assessments (i.e., condition A vs. other condition) was assigned randomly.
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Figure 2. 
Flow of subjects through the study
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Figure 3. 
Withdrawal symptom severity when subjects received nicotine lozenge after stress exposure 

(i.e., control) and when subjects received nicotine lozenge immediately before (panel 1), 10 

minutes (panel 2), 20 minutes (panel 3), and 30 minutes (panel 4) before speech. The speech 

task occurred between time −0 and +0 with assessments prior to the stressor indicated as (−) 

time and those after as (+) time. p value for (z – y vs. x – w) indicates significance of 

difference in stress response magnitude between experimental and control condition. p value 

for z vs. x indicates significance of difference in post stress withdrawal symptoms severity 

(where the value at time −30 was subtracted from the value at time +0 to adjust for baseline) 

between the experimental and control condition.
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